Signalling in morphogenesis Two distinct but convergent groups of cells trigger Torso receptor tyrosine kinase activation by independently expressing torso-like
Cell fate in development is often impinged by signalling interactions with neighbouring cells. In this regard, a key element is the spatial distribution of signalling molecules in a precise group of cells. This distribution can be achieved either by the regulated expression of the signalling molecule itself or by the restricted activity of a modifying enzyme that transforms an inactive precursor into a fully active signalling molecule. In addition, cells can exchange their neighbours and thus these molecules might be synthesised far from their final site of action. This is the case for the specification of the most anterior and posterior regions of the embryo by the Torso (Tor) RTK signalling pathway. The Tor receptor, which is present throughout the blastoderm membrane, is activated only at the poles by an unknown mechanism thought to involve the cleavage of Trunk (Trk), the putative Tor ligand. This mechanism of Tor activation is triggered by the expression of , which encodes a protein of unknown function thought to be required for the processing of Trk. Indeed, it is the restricted expression of that determines the localised domain of Tor activation.
is expressed in three cell populations in the egg chamber. One of these populations is a group of follicle cells at the posterior end of the chamber (PFCs), which are in close contact with the posterior end of the oocyte, one of the regions where the Tor pathway is activated upon oocyte fertilisation. At the anterior end, is expressed in two cell populations, border cells (BCs) and centripetal cells (CCs) . BCs arise at the anterior of the egg chamber, far from the oocyte. CCs are specified later, at an anterior-lateral position close to the oocyte. In contrast to the situation at the posterior end, both BCs and CCs are originally distant from the anterior region of the oocyte where the Tor pathway will be activated after oocyte fertilisation, and it is only after the migration of these cells that they become juxtaposed to this region of the oocyte ( Figure 1 ).
We have analysed the regulation of expression in order to determine how these distinct groups of follicle cells acquire the capacity to express a common The development of multicellular organisms requires changes in cell populations in terms of their proliferation, differentiation, morphology and migration. These synchronized changes are controlled by the genes that specify cell fate and by the capacity of cells to respond to extracellular cues. They are achieved by means of signalling mechanisms that elicit cellular responses that ultimately will be responsible for morphogenetic events during development. Two key steps in these events are the mechanisms that regulate the appropriate spatial and temporal activation of the signalling pathways and the mechanisms that link these pathways to the cell effectors in order to elicit cell responses in terms of gene activity or cell morphology. Our research efforts focus on these phenomena in the context of the whole organism and for this purpose we use Drosophila melanogaster as a model. The basic similarity between developmental processes in different species justifies the choice of an organism as a model system. In particular, we analyse these mechanisms in two model systems in Drosophila, the Torso receptor signalling pathway and tracheal system morphogenesis. signalling factor. We have found that JAK/STAT signalling, which is responsible for initially patterning the egg chamber epithelium, also regulates expression in PFCs and BCs. However, this pathway does not regulate expression in CCs, which, in these cells, is regulated by a different enhancer. We have also examined the functional significance of expression in BCs and CCs, and have found that both cell groups contribute to trigger Tor activation in the anterior embryonic region. Our results illustrate how independently acquired expression of a signalling molecule in distinct group of cells constitutes a mechanism by which these cells act together in the activation of a signalling pathway.
Signalling and cytoskeleton organisation in tracheal morphogenesis
We address the link between signalling and cytoskeleton by examining the mechanisms involved in tracheal morphogenesis. To this end, we are undertaking a complete description of tracheal morphogenesis at the cellular level to analyse the contribution of cytoskeleton elements and cell organelles to this process and to establish the changes in these elements that are under the control of signalling pathways and the mechanisms involved in this control.
The tracheal system of is a complex tubular network that conducts oxygen from outside the organism to internal tissues. This network arises from the tracheal placodes, clusters of ectodermal cells at each side of 10 embryonic segments from the 2 nd thoracic segment to the 8 th abdominal segment. Tracheal cells are specified by the activity of a set of genes whose expression in these cells is regulated by the genes that specify positional cues along the embryonic body axes. Cells of each cluster invaginate and migrate in stereotyped and distinct directions to form each of the primary tracheal branches. The general conclusion from many studies is that the migratory direction of tracheal cells relies on a set of positional signals provided by nearby cells. In addition, the establishment of interactions between tracheal cells and their substrates is a crucial step in tracheal cell migration, a process ultimately determined by molecules expressed at their surface (Figure 2 ).
In this context, in collaboration with Marta Llimargas' group at the IBMB (CSIC), Sofia Araújo has been studying the role of the transcription factor Tramtrack (Ttk) in the development of the tracheal system. They have found that, in addition to a role in the specification of distinct tracheal cell identities, Ttk is directly involved and required for a range of cellular responses and morphogenetic events. In particular, Ttk appears to be a new positive regulator of tracheal cell intercalation. Analysis of this process in mutants has unveiled cell shape changes as a key requirement for intercalation and has identified Ttk as a novel regulator of its progression. In addition, Ttk is also a regulator of intracellular lumen formation and is autonomously involved in the control of tracheal tube size by regulating septate junction activity and cuticle formation. In summary, Ttk governs tracheal development by acting on the regulation of sequential steps of tube morphogenesis.
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